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LOCALIZED COLLAPSE OF THE LUNG BY MEANS OF
AN EXTRAPLEURAL BALLOON
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The dangers of cavitation in pulmonary tuberculosis are well
recognized and several different mechanical procedures have been
devised for the collapse of these cavities. It is, likewise, well estab-
lished that no one method of collapse is ideal for all cases and the
method chosenin anyinstance will depend upon many factors, among
which are the location and extent of the pathology. In general, the
simplest procedure is the one to be selected, providing it can accom-
plish the desired result. It is not within the scope of this report to
discuss the indications for the various types of collapse therapy or
the types ofcavitation which may occur. It will be sufficient to point
out that among the factors to be considered are the position and size
of the cavity, together with the duration and extent of the disease,
the condition of the patient, and various economic factors. It not
infrequently happens that the pathology is limited to a small area
such as the apex of the lung where a large cavity may persist as a
constant menace to the health of the patient. If the pleural space
has been obliterated by adhesions, so that an artificial pneumothorax
is no longer possible, an operative procedure may be indicated. How-
ever, if the pathology is limited to a comparatively small area of the
lung, the radical thoracoplasty may appear to both the patient and
the internist as being in severity, a form of treatment out of propor-
tion to the disease. Furthermore, if the remainder of the lung is
not involved, or if the condition of the contralateral lung cannot be
exactly determined it may be desirable to obtain a localized collapse
by operative means.
Some of the operative procedures which have been used in at-
tempting to obtain such a selective collapse may be briefly sum-
marized: (i) Partial thoracoplasty may be carried out by using the
same technic as for the radical thoracoplasty, except that portions of
all the ribs are not resected. It has been well demonstrated that in
the radical thoracoplastythe efficiency of thecollapse depends largely
on thedropping and rotation ofthe thoracic cagewhen portions of all
of the ribs have been removed. A partial thoracoplasty is frequentlyYALE JOURNAL OF BIOLOGY AND MEDICINE
a disappointingprocedure as an adequatedroppingandrotation ofthe
thoracic cage is not possible. (2) Resection of the ribs overlying the
cavity and the application of pressure by means of a gauze or rubber
dam tampon,etc., has been used, but without great success. Infection
and the inability to maintain a constant uniform pressure over a long
period of time have been the chief obstacles and when the pressure
is removed the lung may re-expand. (3) The introduction of a
foreign substance such as paraffin ("plombage") has had a wider ap-
plication, and in some clinics, chiefly in Europe, considerable success
has followed this procedure. The usual technic is to pack the par-
affin between the ribs and the parietal pleura. The operation has the
advantage of being carried out under sterile precautions and the
wound is closed without drainage. (4) Subcostal transplantation of
the pectoralis muscle was reported by Alexander2. The essential
features of this procedure were that the periosteum was removed
from the ribs and displaced inward together with the intercostal
muscles. The pectoralis muscle with its blood supply intact was
then transplanted between the denuded ribs and the structures
were thus held displaced inward. New bone formation took place on
the transplanted periosteum making the localized collapse perma-
nent with the one set of ribs overlying the other. The chief disad-
vantages of the operation are inherent in the pectoralis muscle. This,
to be effective as a tampon, must be exceedingly well developed and
if the cavity is large even a well developed pectoralis muscle is in-
adequate. There is also the difficulty of maintaining an adequate
blood supply and with disuse atrophy of the transplanted musde is
inevitable.
The following experiments were carried out in order to deter-
mine the feasibility of using a foreign-body tampon instead of the
pectoralis muscle. Dogs were employed in all experiments. The
animals were kept in individual cages and were fed the routine diet
consisting ofdog-biscuit with supplementary feedings of a mixture of
casein, butter, vitavose and "salt mixture". Fifteen dogs were used
but only 5 illustrative protocols are given here in detail.
Protocol I. Dog No. I85-Irish terrier, male. Weight, I2 kilos. (Estimated
5 years old)
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Showing rubber balloon, the flat surface
of which is reinforced and non-expansile.
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Figure 2.
Dog No 203, two months after insertion
of balloon which is inflated with air. Be-
ginning bone formation.
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Figure 3 u
Dog No. i85~, six weeks after insertion of
balloon which is inflated with air. Bone
formation is marked.
Figure 4.
Dog No. I85, four months after removal
of balloon and denuded ribs. Extent of new
rib formation shown.LOCALIZED COLLAPSE OF THE LUNG
March 22, 1930. Operation. Ether anesthesia. Longitudinal incision on right
side of thorax. Periosteum stripped from fourth to eighth ribs in-
clusive, the ribs being denuded for a distance of 6 inches. An ordinary
toy balloon was inserted beneath the ribs and inflated with air. The
wound was closed in layers using interrupted silk throughout.
March 30. Wound healed per primum. Slight bulging, but one cannot say
whether it is due to balloon or serum.
April 5. Roentgenography demonstrates the balloon bulging between the ribs.
No evidence of serum and wound well healed.
April I9. Roentgenography shows evidence of bone regeneration. The balloon is
still bulging between the ribs but less so.
May 8. Roentgenography. Regenerated ribs well visualized. Balloon cannot
be seen. Dog in excellent condition.
May i2. Operation. Ether anesthesia. The toy balloon was found to be com-
pletely collapsed and the cavity filled with a large amount of gelatinous
exudate. Culture sterile. The denuded ribs showed a good blood
supply and bled freely when wiped with gauze. The wall of the
cavity was quite well fixed although not entirely rigid. The five ribs
overlying the cavity were resected and the wound closed in layers.
Pressure bandage applied.
May 25. Dog in excellent condition. Wound well healed. There is no move-
ment of the thoracic wall on respiration.
Sept. i. This dog has remained in good health. The wall of the cavity is
rigid. Weight I 3 kilos.
Autopsy. There was one small pleural adhesion beneath the col-
lapsed area, but otherwise the pleura was normal. A small portion of
lung underlying the collapsed area was partially atelectatic. The
thoracic wall was removed en bloc and roentgenographed. In four
of the ribs the new bone formation was found to be rigid and con-
tinuous. In one rib there was a break in the bony continuity as shown
in the roentgenogram. In addition there was a firm fibrous tissue wall
averaging i cm. in thickness.
Protocol 2. Dog No. 203-Mongrel, male. Weight, i6 kilos. (Estimated
I0 to 12 years old)
April 6, I930. Operation. Ether anesthesia. The usual incision was made
on the right side of the thorax. The periosteum was stripped from the
fourth, fifth, six, seventh and eighth ribs and a stiff-walled balloon
inserted and inflated with air in the usual manner. The wound was
closed in layers with interrupted silk.
I41YALE JOURNAL OF BIOLOGY AND MEDICINE
April I4. Dog appears ill. Wound dressed and I35 cc. of serosanguineous fluid
aspirated with sterile technic. Culture sterile. Dressing applied.
April i9. Dog appears better. Wound dressed, and as serum was again accumula-
ting a small, incision was made and about o00 cc. of clear serum
evacuated.
May 8. Dog in excellent health. No evidence of serum and wound completely
healed. Roentgenography shows slight evidence of bone regeneration.
Balloon well distended.
June 2. Dog in excellent health. Roentgenography shows balloon well dis-
tended and there is more marked evidence of bone regeneration.
Sept. i. The balloon had been left in place and the dog has remained in ex-
cellent condition. The balloon has diminished somewhat in size and
the evidence of bone regeneration by roentgenography is not as marked
as in Dog No. i85.
Autopsy. Pleural cavity free from adhesions. The balloon had
partially collapsed and there was a moderate amount of gelatinous ma-
terial in the cavity. The collapse had remained satisfactory although
the bone regeneration was incomplete. The fixation of the thoracic
wall had apparently been in part due to the very thick and dense fibrous
tissue (I to 2 cm.) reaction in the collapsed wall.
Protocol 3. Dog No. 2I3-Mongrel, male. Weight, i8 kilos. (Estimated
age 5 years)
April 4, 1930. Operation. Ether anesthesia. The usual incision was made in
the right side of the thorax and the periosteum was stripped from the
third to the eighth ribs inclusive. A large, stiff-walled balloon was
inserted in the usual manner and inflated. The wound was then closed
in layers with interrupted silk.
April 8. The dressing was wet and the wound was examined. The wound was
found to be partially broken down and draining a large amount of
seropurulent fluid. Dressing applied.
April 14. The dressing had been changed every other day and the wound is now
firm, although draining. Roentgenography shows the balloon well
distended.
April 2i. The wound has continued to drain large amounts of purulent fluid,
although the dog remains in excellent condition. No dressing applied.
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May 8. The wound is still draining a small amount of serosanguineous fluid.
The dog is in excellent condition. Roentgenography shows beginning
bone regeneration.
June 5. The dog is in excellent condition and the wound is well healed and
there is no drainage. Roentgenography shows the balloon to have
diminished in size.
July IO. Operation. Ether anesthesia for purpose of resecting the ribs over-
lying the cavity. The dog died under anesthesia.
Autopsy. There were pulmonary adhesions over most of the col-
lapsed area. The balloon was almost completely collapsed. The wall
of the cavity was nearly rigid with good bone regeneration and an ex-
ceptionally thick, dense fibrous tissue wall (I to 2 cm.).
Protocol 4. Dog No. 223-Irish setter, male. Weight, 2o kilos. (A young
dog)
April 30, I930. Operation. Ether anesthesia. The usual incision was made and
the periosteum stripped from the third to eighth ribs inclusive. A large,
thick-walled balloon was inserted in the usual manner and filled with
saline. Wound closed in layers using silk throughout.
May io. The wound is well healed and there is no evidence of serum accumu-
lating. Sutures removed.
May 20. The dog is in excellent condition and the wound is completely healed.
Roentgenography shows the balloon! well filled, but the saline obscures
the ribs so that it is impossible to determine the degree of bone regen-
eration.
June 20. The animal appears entirely normal and is gaining weight. Roentgeno-
graphy shows the balloon to be of the same size as on the previous
examination.
July i. Operation. Ether anesthesia. Incision to one side of the old scar
and the balloon was found to be well distended. This was emptied
and removed and the wall of the cavity was found to be well fixed.
The bone had regenerated along the periosteum, forming a new and
entirely rigid set of ribs. The blood supply of the ribs denuded of
their periosteum seemed adequate and when the surfaces were rubbed
they bled freely. These ribs were resected to the margin of the
cavity and the soft tissues allowed to fall into the cavity. The wound
was closed in layers and a pressure bandage applied.'44 YALE JOURNAL OF BIOLOGY AND MEDICINE
July I5. The dressing had been changed at intervals and the wound is now
completely healed. There is no movement with respiration of the
thoracic wall in this area.
Aug. i5. The animal appears normal and the collapsed area is not changed.
Sept. I. Autopsy showed the collapsed portion of the thoracic wall to be entirely
rigid. In addition to the well-developed bone formation along the
displaced periosteum the wall of the cavity was composed of a thick
layer of fibrous tissue (i cm.). The pleural space was free except
for a few friable adhesions.
Protocol 5. Dog No. 2zoi-Mongrel, male. Weight, I 5 kilos. (About 5
years old)
July 2, I930. Operation. Ether anesthesia. The usual procedure was carried
out stripping the periosteum from the third to the eighth ribs inclusive.
A large, thick-walled balloon was inserted and filled with saline. The
tube, instead of being buried beneath the ribs, was left long and car-
ried out through a stab wound at one side. The first incision was then
closed in layers using fine chromic catgut.
July IO. The animal appears in good condition. The wound is clean and well
healed and the stab wound is draining a small amount of clear serum
around the tube.
July 20. The dressing had been changed at intervals and there is evidence of
some infection around the stab wound from which the tube is protrud-
ing. Roentgenography shows the balloon to be well filled.
Aug. 15. The dog has remained in excellent condition and, although there is
a slight discharge continuously from the stab wound, there is no evidence
that it has retarded the recovery of the animal. Roentgenography
shows the balloon to be well filled. The degree of rib regeneration
could not be determined as it was obscured by the saline.
Aug. 20. Autopsy showed the waIl of the cavity to be practically rigid with
good bone formation and an unusually thick fibrous wall. There were
numerous adhesions partially obliterating the pleural space underlying
the balloon.
The essential feature of this methodoflocal collapse, as has been
pointed out above, is that the periosteum and intercostal muscles are
carried inward to a new level and maintained in this position until
they become fixed by new bone formation and fibrosis. The ribs de-LOCALIZED COLLAPSE OF THE LUNG
nuded of their periosteum remain externally, and furnish the neces-
sarysupport bymeans ofwhich aconstant, even pressure can be main-
tained. The foreign body to be interposed between the denuded ribs
and the displaced periosteum may consist of any material which is
non-irritating, which can be readily passed through between the ribs
and which can again be removed in its entirety. Inasmuch as such
an operation would be applied clinically to patients already ill with a
chronicdisease,the reaction ofsuch a procedure on the general health
A ,
Drawing of frozen cross-section of a dog showing the partially deflated
balloon lying between the rib and the new periosteal bone formation.
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of the animal is of considerable importance. It was, therefore, nec-
essary to obtain information on the following points.--(i) The re-
action of the animal to such an operation both in the presence of in-
fection and under strictly aseptic conditions. (2) The character of
the new thoracic wall formed by the regeneration of bone and by
fibrosis in the presence of a foreign body and the time required for
it to become rigid. (3) The reaction of the ribs, and their viability
after having the periosteum removed in the presence of a foreign
body. (4) The most satisfactory type of foreign body to interpose
between the ribs and the displaced periosteum.
The objection may be raised that the reaction of normal animals
is in no way comparable to a patient already ill with tuberculosis&
Nevertheless, all of thedeaths (three) in these experiments were due
to empyema, and in each instance followed the opening or erosion
of the pleura with the extension of the infection into the free pleural
space. The pleura of the dog is extremely thin, and in old animals
with an adherent periosteum the pleura is easily torn, whereupon
the infection, if present, rapidly spreads throughout the pleural
cavities. Clinically this procedure would be indicated only where
the pleural space had already been obliterated by adhesions and
this complication would not be encountered. It is known that in-
fection is particularly prone to occur in the presence of alarge foreign
body, and where primary healing is desired in such a procedure me-
ticulous asepsis must be maintained. Where this was achieved the
dogs could not be distinguished from normal animals. On the other
hand, even though infection was present, provided it had not perfor-
ated theparietal pleura, the animals remained in generalgood health.
In the two instances in which the tube ofthe balloon wasbrought out
through a stab wound the general reaction was but little different
from that where primary healing was obtained. The very mild re-
action of the animal to this type of procedure, compared with the re-
action to a radical thoracoplasty, is striking. While it is manifestly
impossible to draw definite conclusions as to its clinical application
these experiments have revealed no contraindications.
The character of the new thoracic wall formed and the timo re-
quired for it to become sufficiently rigid to maintain a fixed position
varied greatly in the different animals. While the exact ages of the
animals used in these experiments were not known the dogs could be
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readilyclassified asyoung, middle-aged, or old. Ingeneral, the bone
regeneration followed more rapidly in the younger animals. The
character of the new thoracic wall varied considerably, depending
in part upon whether or not infection was present. In general,
where infection was present the new wall was thicker, due to the
increased fibrous tissue reaction. There are thus two factors which
enter into the rigidity or fixation of the new thoracic wall; new
bone formation and fibrosis. In most instances the rigidity could be
dearly attributed to new bone formation as the major factor, but in
three animals, all of which had some infection, the fibrous tissue re-
action was so marked as to make it a very important factor in the fixa-
tion of the thoracic wall. The time required for the thoracic wall to
become fixed would also seem to be rather variable, depending upon
the above factors. Those animals havingthe second operation during
the third month showed, in general, a better fixation of the thoracic
wall. In two animals having the second operation (removal of the
balloon and resection of the denuded ribs with obliteration of the
cavity) at the end of six weeks, the thoracic wall never showed any
movement or tendency to re-expand thereafter, and both of these
were animals in which primary healing had been obtained at the first
operation.
The reaction of the ribs with their periosteum removed seemed,
again, to depend upon a number of factors. In young animals in
which primary healing was obtained, the bone was always viable and
bled freely when wiped with gauze, even if the periosteum had been
stripped from three-fourths of the rib. On the other hand, if the
periosteum had been removed over a wide extent and infection was
present the bone might or might not show evidence of a good blood
supply. In two dogs in which alargeamount ofperiosteum hadbeen
removed and infection was present some of the ribs were not viable
in the mid-portion of the resected area. Although these two dogs
were both obviously old animals, the number is too small to permit
definite conclusions. Nevertheless, the experience gained in this
small series would seem to indicate that infection is a menace to the
viability of the rib denuded of its periosteum. However, in no case
did this condition interfere with the completion of the experiment,
for at thesecond operation the ribs overlying the cavity were resected,
and invariably that portion ofthe rib near the periphery of the cavity
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was found to have a good blood supply. Hence, it would seem that
this question is of no great weight as a contraindication to this type
of operative procedure. However, it may be an additional reason
indicating the desirability of primary healing.
A rubber balloon was used in these experiments since it seemed
best to fulfill all the requirements. However, it is conceivable that
a variety of foreign bodies might be used, such as paraffin ("plom-
bage") or rubber dam as in the open operation described by Lilien-
thal. However, the rubber balloon is no more irritating than is
paraffin and has the advantage of adapting itself to the size and
shape ofthe cavity. Furthermore, ifthe tube is brought out through
a stab wound the degree of collapse may be varied at will after the
operative procedure and under fluoroscopic observation. When the
thoracic wall has become fixed the balloon is readily collapsed and
removed without leaving behind foreign material. The chief ob-
jections to such material as rubber dam is that it does not present a
smooth surface, there is more dead space and the degree of collapse
cannot be varied as desired postoperatively. In addition, it may be
again pointed out that this procedure differs from the "plombage"
in that the foreign body is placed external to the periosteum and
intercostal muscles rather than internal to these structures. It thus
becomes necessary that the foreign body have one unyielding flat
surface so as to avoid bulging through the intercostal spaces.
A variety of rubber balloons were at first tried and the type
shown in the illustration was finally adopted as the one most suitable.
The balloon is made in three sizes, and the flat surface is non-yield-
ing, because of the use of "friction" on the inner surface so as to
prevent bulging through the intercostal spaces. The balloons, in
order to render them less irritating as foreign bodies, were treated
in the same routine manner as the rubber tubing used in intravenous
therapy. In many of the experiments the balloons were filled with
air, and in the roentgenograms here reproduced air has been used
in order that the new bone formation may be seen. However, it
was found that it was impossible to prevent the slow collapse of the
balloon when filled with air, and thereafter the balloons were ex-
panded with salt solution. This was found to be more satisfactory. An-
other type of balloon with the flat surface made of pure gum "punc-
ture proof" rubber was tried with some success. Such a balloon has
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the theoretical advantage that even after the wound has healed
by primary union the' balloon may be further inflated by a needle
introduced through the skin.
A method has been presented forthe local collapse ofpulmonary
cavities by means of a rubber balloon. The essential feature of this
procedure is that the periosteum and intercostal structures are dis-
placed inward producing a localized collapse. These structures are
maintained in this position by a balloon placed between the ribs and
the displaced periosteum, and allowed to remain until regeneration
of bone occurs and the thoracic wall becomes fixed in the new po-
sition. The balloon may then be removed and the residual space
collapsed by resecting the overlying ribs, thus allowing the soft
tissues to fall in and obliterate this dead space.
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